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Abstract
Gyrotron FU CW VIIA has been developed as a radiation source for the ESR echo experiment. For 
the experiment, the output beam radiated from the gyrotron should be converted to a linear polarized 
Gaussian beam and be transmitted to the ESR experimental system. A Vlasov launcher was adopted as 
the convertor to the Gaussian beam. To increase the conversion efficiency to the Gaussian beam, high 
mode purity at the launcher entrance is required. The mode purity has been evaluated by radiation 
pattern measurement by using an IR camera and mode analysis. From the measurement, it was found 
that TE0,2 mode, the oscillation mode at the cavity, is dominant at the gyrotron window. However, 
mode conversion occurs in the waveguide after the window and TE2,2 mode becomes dominant at the 
launcher entrance. A Vlasov launcher for TE2,2, instead of that for TE0,2, has been manufactured and 
applied to the convertor. With this launcher, the electromagnetic wave has been well converted and a 




⚟ ஭ ኱ Ꮫ 㐲 ㉥ እ 㡿 ᇦ 㛤 Ⓨ ◊ ✲ ࢭ ࣥ ࢱ ࣮ ࡛ ࡣ ESR ࢚ ࢥ ࣮ (Electron Spin 
Resonance Echo)ᐇ㦂࡟฼⏝ࡍࡿග※࡜ࡋ࡚ Gyrotron FU CW VIIA ࡢ㛤Ⓨࢆ㐍ࡵ
࡚࠸ࡿ㸬ESR ࡜ࡣ㸪᭷ᶵศᏊࡢࣛࢪ࢝ࣝ㟁Ꮚࡸ㑄⛣㔠ᒓ࢖࢜ࣥࢆྵࡴ໬ྜ≀࡞
࡝ࡢ୙ᑐ㟁Ꮚࢆࡶࡘ≀㉁࡟㐺⏝ࡉࢀࡿศගⓗ ᐃ᪉ἲ࡛࠶ࡿ㸬㟁Ꮚࢫࣆࣥࡢ࢚


























































㸰㸬Gyrotron FU CW VIIA ࡢ௙ᵝ
ࢪࣕ࢖ࣟࢺࣟࣥ⿦⨨ࡣ㸪኱ࡁࡃศࡅ࡚ࢪࣕ࢖ࣟࢺࣟࣥ⟶ཬࡧ 8T ㉸ఏᑟ࣐ࢢ





ᐇ㦂࡟ࡣⓎ᣺࿘Ἴᩘ 154 GHz㸪Ⓨ᣺࣮ࣔࢻ TE0 , 2 ࣮ࣔࢻࡢ㟁☢Ἴࢆ౑⏝ࡍࡿ㸬
ᐇ㦂᮲௳ࡣ୺☢ሙᙉᗘ B = 5,66 T,࢝ࢯ࣮ࢻ㟁ᅽ Vk 㸻 -12 kV㸪⿵ຓ☢ሙࢥ࢖ࣝ
㟁ὶ I㸻 101.0 A ࡛࠶ࡿ㸬
㸱㸬ᨺᑕࣃࢱ࣮ࣥ ᐃ᪉ἲ
Gyrotron FU CW VIIA ࡢ┿✵❆࠿ࡽࡢᨺᑕࣃࢱ࣮ࣥࢆ㉥እ⥺࣓࡛࢝ࣛ᧜ᙳࡍ
ࡿࡇ࡜࡛㟁☢Ἴᵓ㐀ࢆ ᐃࡍࡿ㸬 ᐃ᫬ࡢࢪࣕ࢖ࣟࢺࣟࣥ࡟࠾ࡅࡿⓎ᣺࿘Ἴᩘ
ࡣ 154 GHz㸪Ⓨ᣺࣮ࣔࢻࡣ TE0 , 2 ࣮ࣔࢻ࡛࠶ࡿ㸬ᅗ 3-1㸪 3-2 ࡟ᨺᑕࣃࢱ࣮ࣥ 
ᐃ࡟⏝࠸ࡓᐇ㦂⿦⨨ࡢ఩⨨㛵ಀࢆ♧ࡍ㸬┿✵❆࠿ࡽ㊥㞳 D ࡢ఩⨨࡟྾཰ᯈ࡛࠶
ࡿཌࡉ 1 mm ࡢሷ໬ࣅࢽ࣮ࣝᯈࢆ┿✵❆࡟ᖹ⾜࡟タ⨨ࡋ㸪┿✵❆࡜ࡣ཯ᑐഃ࠿
ࡽ㉥እ⥺࣓࢝ࣛࢆ⏝࠸࡚྾཰ᯈୖࡢ ᗘୖ᪼ศᕸԥ T(x,y)ࢆ ᐃࡍࡿ㸬ḟ࡟㸪
ࣛࣥࢳ࣮ࣕࢆ╔ࡅࡓ࡜ࡁ࡟࣮ࣔࢻኚ᥮ࡀ㉳ࡁ࡚࠸࡞࠸࠿☜ㄆࡍࡿࡓࡵ࡟㸪┿✵
❆ࡢୖ࡟ࡘࡅࡓࣛࣥࢳ࣮ࣕࡢ୍㒊࡛࠶ࡿ 100 mm 㛗ࡢᑟἼ⟶㛤ཱྀ࠿ࡽࡢᨺᑕࣃ
ࢱ࣮ࣥࡶྠᵝ࡟᧜ᙳࡍࡿ㸬
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ᅗ 3-1 ┿✵❆࠿ࡽࡢ ᐃ᪉ἲ          ᅗ 3-2 ᑟἼ⟶࠿ࡽࡢ ᐃ᪉ἲ
㸲㸬 ᐃ⤖ᯝ
 ᅗ 3-1 ࡢ≧ែ࡛┿✵❆࡜྾཰ᯈ㛫㊥㞳  100 mm ࡟࠾࠸࡚ ᐃࡋࡓᨺᑕࣃࢱ࣮ࣥᅗࢆ
ᅗ 4-1 ࡟♧ࡍ㸬ᅗ 4-1 ࠿ࡽ TE0 , 2  ࣮ࣔࢻ࠿ࡽண᝿ࡉࢀࡿᨺᑕࣃࢱ࣮ࣥ࡜␗࡞ࡿࡇ࡜ࡀ
ศ࠿ࡿ㸬୍ぢ෇ࡀ஧ࡘෆഃ࡜እഃ࡟࠶ࡿࡼ࠺࡟ぢ࠼ࡿ㸬ࡲࡓᅗ 3-2 ࡢ≧ែ࡛ᑟἼ⟶࡜
྾཰ᯈ㛫㊥㞳  100 mm ࡟࠾࠸࡚ ᐃࡋࡓᨺᑕࣃࢱ࣮ࣥᅗࢆᅗ 4-2 ࡟♧ࡍ㸬ᅗ 4-1 ࡜ᅗ
















ࡑࡢ㟁ሙ㸪☢ሙࡀࡑࢀࡒࢀ ࡛࠶ࡿ࡜ࡁ㸪྾཰ᯈୖ࡛ࡢ㟁ሙ 㸪☢ሙ ࡣ㸪
    (5-1) 





                       (5-3) 
        (5-4) 
               (5-5) 
              (5-6) 
ࡇࡇ࡛ ࡣྛ࣮ࣔࢻࡢᡂศẚࢆ⾲ࡍ㸬࣏࢖ࣥࢸ࢕ࣥࢢ࣋ࢡࢺࣝ P(x,y)ࡣ㸪
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ᅗ 6-1 ࡣᶓ㍈࡟ෆഃࡢ㍯ࡢᙉ࠸ࣆ࣮ࢡࡀぢࡽࢀࡿ༙ᚄ఩⨨(ᅗ 6-1a,b ࡟♧ࡍ෇)࡛ࡢ᪉఩ゅȟ㸪
⦪㍈࡟ࡇࡢ෇࡟ἢࡗࡓᐇ㦂࡛ࡢ ᗘୖ᪼ศᕸԥT㸪ཬࡧ ࢆ 1㸸p㸸p ࡜ࡋ࡚
๭ྜࢆኚ࠼ࡓィ⟬࡛ࡢ࣏࢖ࣥࢸ࢕ࣥࢢ࣋ࢡࢺࣝ P ࢆ࡜ࡗࡓࢢࣛࣇࢆ♧ࡍ㸬ᅗ 6-2 ࡣᶓ㍈࡟እ
ഃࡢ㍯ࡢᙉ࠸ࣆ࣮ࢡࡀぢࡽࢀࡿ༙ᚄ఩⨨(ᅗ 6-2a,b ࡟♧ࡍ෇)࡛ࡢ᪉఩ゅȟ㸪⦪㍈࡟ ᐃ࡛ᚓࡽ
ࢀࡓ ᗘୖ᪼ศᕸԥT㸪ཬࡧィ⟬࡛ࡢ࣏࢖ࣥࢸ࢕ࣥࢢ࣋ࢡࢺࣝ P ࢆ࡜ࡗࡓࢢࣛࣇࢆ♧ࡍ㸬ȟ
ࡣᅗ 6-1a,b㸪6-2a,b ࡟♧ࡍ 0rୗࡽ཯᫬ィᅇࡾ࡟ቑ኱ࡍࡿࡼ࠺࡟࡜ࡗࡓ㸬
(5-8) 
0r
( b ) 
ᅗ 6-1 ᨺᑕࣃࢱ࣮ࣥࡢ୰ᚰ࠿ࡽ࠶ࡿ༙ᚄࡢ᪉఩ゅ࡟ᑐࡍࡿศᕸࡢẚ㍑(1), (a)ィ⟬⤖ᯝ㸪(b)ᐇ㦂⤖ᯝ









































( a ) 
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ࡢ๭ྜࢆㄪ࡭ࡿ㸬ᅗ 4-2 ࡢᐇ㦂ࡢᨺᑕࣃࢱ࣮ࣥࡣ 4 ࡘࡢࣆ࣮ࢡ࡟ࡑࢀࡒࢀᙉᙅࡀ࠶ࡾ㸪ᙉ࠸ 2
ࡘࡢࣆ࣮ࢡࡀ 180rࡢ఩⨨࡟࠶ࡿ㸬ࡇࡢ 4 ࡘࡢࣆ࣮ࢡࡢẚࢆྲྀࡾ㸪ẚࡢ㛵ಀࡀ㏆ࡃ࡞ࡿࡼ࠺




ᯝࡀᚓࡽࢀࡓ㸬ᑟἼ⟶࡛ࡢ࣮ࣔࢻᡂศࡢ๭ྜࡣ TE2,2࣮ࣔࢻࡀ 89%㸪TE0,2࣮ࣔࢻࡀ 9%㸪TE1,3
࣮ࣔࢻࡀ 2%࡛࠶ࡿ࡜࠸࠺⤖ᯝࢆᚓࡓ㸬ࡇࡢࡇ࡜࠿ࡽ㸪ᑟἼ⟶ฟཱྀ࡛ࡣ TE2,2 ࣮ࣔࢻࡀᨭ㓄ⓗ
࡛࠶ࡿࡇ࡜ࡀࢃ࠿ࡗࡓ㸬
0r






































( b ) 
ᅗ 6-2 ᨺᑕࣃࢱ࣮ࣥࡢ୰ᚰ࠿ࡽ࠶ࡿ༙ᚄࡢ᪉఩ゅ࡟ᑐࡍࡿศᕸࡢẚ㍑(2), (a)ᐇ㦂⤖ᯝ㸪(b)ィ⟬⤖ᯝ




㸵㸬TE2 ,2  ⏝ࣈࣛࢰࣇࣛࣥࢳ࣮ࣕ࠿ࡽࡢᨺᑕࣅ࣮࣒
๓⠇ࡢ㸴㸫㸰⤖ᯝࡼࡾᑟἼ⟶ࡢฟཱྀ࡛㟁☢Ἴ࡟ྵࡲࢀࡿ๭ྜࡀ᭱ࡶ㧗࠸ࣔ
࣮ࢻࡣ TE2 , 2  ࡛࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓ㸬ࡑࡢࡇ࡜࠿ࡽ࢔ࣥࢸࢼ⣔ࢆタィࡍࡿ࡞ࡽ㸪 
TE0 , 2  ⏝ࡼࡾࡴࡋࢁ TE2 , 2  ⏝ࡢࣈࣛࢰࣇࣛࣥࢳ࣮ࣕࢆ⏝࠸ࢀࡤ㸪㟁☢Ἴࡀ㧗࠸๭





ᚰ఩⨨࠿ࡽ྾཰ᯈࡲ࡛ࡢ㊥㞳ࢆ d ࡜ࡍࡿ࡜㸪d  = 
180 mm ࡟࠾ࡅࡿ ᐃ⤖ᯝࢆᅗ 7-3 ࡟♧ࡍ㸬ᅗ 7-3
࠿ࡽ୍࠿ᡤ࡟ᙉ࠸ ᗘୖ᪼ࢆほ ࡛ࡁࡓ㸬ࡇࡢ
ᅗ 7-3 ࡟ᑐࡋ࡚ x ᪉ྥ㸪㹷᪉ྥࡢ ᗘୖ᪼ศᕸࢆ
ᅗ 7-4(x) , (y)࡟ࡑࢀࡒࢀࣉࣟࢵࢺࡍࡿ㸬ࡲࡓࡇࢀ
ࡽࡢศᕸ࡟ᑐࡋ࡚㸪࢞࢘ࢫ㛵ᩘࣇ࢕ࢵࢺࡋࡓᅗ
ࡶྠᵝ࡟ᅗ 7-4(x)㸪7-4(y)࡟♧ࡍ㸬ᅗ 7-4 ࠿ࡽ☜࠿࡟ ᗘୖ᪼ศᕸࡀ࢞࢘ࢫ㛵ᩘ










































ࡉ ࢆ l ࡜ ࡍ ࡿ ࡜ ࠊ ༢ ఩ 㠃 ✚ ᙜ ࡓ ࡾ ࡢ pixel ᩘ ࡣ
 2320 / l ࡜࡞ࡿࠋ 1 pixel ᙜࡓࡾࡢ ᗘୖ᪼ࢆ඲⣲Ꮚ
ศ㊊ࡋࡓ್ࢆ totalT ࡜ࡍࡿ࡜࢞࢘ࢫࣅ࣮࣒ᡂศࡣ㸪









࡛ィ⟬࡛ࡁࡿ㸦 A ࡣᐃᩘ㸧㸬ᅗ 7-3 ࡢ࢞࢘ࢫࣅ࣮࣒
ᡂศࢆồࡵࡿ࡜⣙ 60%࡜࠸࠺⤖ᯝࢆᚓࡓ㸬
(7-1) 






























ᅗ 7-4(x) x ᪉ྥ࡟ᑐࡍࡿ ᗘୖ᪼ศ

















ᯒࢆ⾜ࡗࡓ㸬ࡑࡢ⤖ᯝ TE2,2࣮ࣔࢻࡀ 89%㸪TE0,2࣮ࣔࢻࡀ 9%㸪TE1,3࣮ࣔࢻࡀ 2%ࡢ๭ྜ






[1] 㓇஭ಇᙪ:  Gyrotron FU CW VIIA ࠿ࡽᨺᑕࡉࢀࡿ㟁☢Ἴࡢ࣮ࣔࢻゎᯒ
⚟஭኱ᏛᕤᏛ㒊༞ᴗㄽᩥ㸪
